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Abstract. The purpose of this study was to investigate the effect of very small air gaps (less 
than 1 mm) on the dosimetry of small photon fields used for stereotactic treatments. 
Measurements were performed with optically stimulated luminescent dosimeters (OSLDs) for 
6 MV photons on a Varian 21iX linear accelerator with a Brainlab µ MLC attachment for 
square field sizes down to 6 mm × 6 mm. Monte Carlo simulations were performed using 
EGSnrc C++ user code cavity. It was found that the Monte Carlo model used in this study 
accurately simulated the OSLD measurements on the linear accelerator. For the 6 mm field 
size, the 0.5 mm air gap upstream to the active area of the OSLD caused a 5.3 % dose 
reduction relative to a Monte Carlo simulation with no air gap. A hypothetical 0.2 mm air gap 
caused a dose reduction > 2 %, emphasizing the fact that even the tiniest air gaps can cause a 
large reduction in measured dose. The negligible effect on an 18 mm field size illustrated that 
the electronic disequilibrium caused by such small air gaps only affects the dosimetry of the 
very small fields. When performing small field dosimetry, care must be taken to avoid any air 
gaps, as can be often present when inserting detectors into solid phantoms. It is recommended 
that very small field dosimetry is performed in liquid water. When using small photon fields, 
sub-millimetre air gaps can also affect patient dosimetry if they cannot be spatially resolved on 
a CT scan. However the effect on the patient is debatable as the dose reduction caused by a 1 
mm air gap, starting out at 19% in the first 0.1 mm behind the air gap, decreases to < 5 % after 
just 2 mm, and electronic equilibrium is fully re-established after just 5 mm. 
 
 
 
 
 
1. Introduction 
In megavoltage photon beam dosimetry a “small field” is defined as a field with dimensions smaller 
than the lateral range of the charged particles that contribute to dose (Alfonso et al., 2008). That is, 
unlike “standard fields”, particles that depart the centre of a radiation field are not replaced by 
particles from the outer area of the field. This results in several complicated issues as summarized by 
Das et al (2008) and Taylor et al (2011). Depending on the size of the low density cavity or gap, even 
standard fields experience a loss in charged particle equilibrium (Behrens, 2006, Disher et al., 2012, 
Li et al., 2000). The presence of a low density material such as lung or air exacerbates the problem as 
the secondary charged particles can travel even further in these media. 
 
 
 
1 
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Air gaps have been shown to cause a dose reduction in megavoltage dosimetry immediately 
downstream, which will then build back up as electronic equilibrium is re-established (Behrens, 2006, 
Disher et al., 2012, Li et al., 2000, Rustgi et al., 1997, Solberg et al., 1995, Wadi-Ramahi et al., 
2001). These studies have concluded that the magnitude of the dose reduction is enhanced by 
increasing the beam energy, increasing the air gap size, or decreasing the field size. 
 
Solberg et al (1995) calculated the dose reduction that resulted from air gaps as small as 3 mm. They 
measured this effect using 10 MV stereotactic fields as small as 5 mm in diameter. The 3 mm air gap 
caused a dose reduction of 21 % for a 10 mm field size which increased to approximately 35 % for a 5 
mm field size. The authors also noted that the loss in electronic equilibrium that caused this dose 
reduction also caused a widening of the beam profiles immediately beyond the air gap. For example, 
the full width tenth maximum for the 10 mm field size increased from 15.5 mm with no air gap to 
19.0 mm with a 3 mm air gap. Rustgi et al (1997) performed a similar study with 6 MV photons. In 
this case a 3 mm air gap caused an 11 % dose reduction for a 12.5 mm circular field. The dose 
reduction for a 25 mm diameter field was 3 %. For a 6 MV photon beam, such thin air gaps only 
affect the very small field sizes that are used in stereotactic treatments. The dose build-up beyond the 
air gap was only 4-6 mm before electronic equilibrium was re-established. For the 6 MV, 12.5 mm 
field, the penumbral width (90 % - 10 %) of a profile immediately below the location of the air gap 
increased from 4.4 mm with no air gap to 6.8 mm when a 3 mm air gap was introduced. 
 
Although the effect on electronic disequilibrium of field size and air gap size is well established, the 
potential problem of very small (less than 1 mm) air gaps is not covered in the literature. The principal 
aim of this work is to establish the effect of very small air gaps on small field dosimetry. Air gaps of 
this  magnitude  can  complicate  the  dosimetry  in  many  situations.  These  include  their  intrinsic 
existence in certain dosimeters such as optically stimulated luminescence dosimeters (OSLD) casings, 
and the potential presence of small air gaps in solid phantom dosimetry. Also, such small air gaps 
cannot be resolved by typical CT scanners used for patient treatment planning and therefore add 
dosimetric uncertainty to the patient’s radiation treatment plan, over and above the accuracy of the 
dose calculation algorithm. 
 
Output factors of 6 MV small photon fields, down to a size of 6 mm square were measured with 
Landauer® nanoDots™ (Landauer, Inc., Glenwood, IL). These detectors have intrinsic air gaps of 
approximately 0.5 mm around the active volume. Extensive Monte Carlo simulations of the OSLDs 
were performed to analyse the effect of the air gap in detail. 
 
2. Methodology 
 
2.1. OSLD measurements 
Output factors were measured using Landauer nanoDot OSLDs (Landauer, Inc., Glenwood, IL) for 
square fields with the following side lengths: 6 mm, 12 mm, 18 mm, 24 mm, 30 mm, 42 mm, 60 mm, 
80 mm and 98 mm. The results were normalized to the 98 mm square field. These detectors have 
intrinsic air gaps of approximately 0.5 mm around the active volume. OSLDs are generally used in 
radiation therapy for in vivo dosimetry (Jursinic, 2007, Mrcela et al., 2011, Yukihara and McKeever, 
2008).  There  is  much  information  in  the  literature  on  OSL  dosimetry  theory  (see  for  example 
(Yukihara and McKeever, 2008)). 
 
The measurements were performed with 6 MV photons on a Varian 21iX linear accelerator (Varian 
Medical Systems, Palo Alto, CA) using the Brainlab M3 µ MLC attachment (Brainlab, AG, Germany) 
for collimation. 6 mm and 98 mm were the smallest (centred on the central axis) and largest square 
field sizes possible respectively. The output factors were measured with the upper surface of the 
OSLD active volume at the depth of 15 mm in Plastic Water DT (CIRS, Norfolk, VA) at a source to 
surface distance of 100 cm. A custom holder for the OSLDs was also manufactured out of Plastic 
Water. The water equivalency of Plastic Water is well established (see for example (Seet et al., 
2011)). Each measurement was repeated 5 times (with 5 separate OSLDs) to obtain an average. The 
error of the measurements was calculated as the standard deviation of the 5 readings. The OSLDs 
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were part of the InLightTM OSL system (Landauer, Inc., Glenwood, IL) and were read out with the 
MicroStar reader. 
 
2.2. Monte Carlo simulations 
 
Extensive Monte Carlo simulations of the OSLDs were performed to analyse the effect of the air gap 
in detail. 
 
2.2.1. Output factors with OSLDs. Monte Carlo simulations of the OSLD experimental setup were 
performed and compared with OSLD measured output factors. Simulations in the same phantom but 
with all volumes assigned water were also performed to quantify the effect of the detector on output 
factors. The EGSnrc C++ user code cavity (Kawrakow et al., 2009) was used to simulate the OSLD 
geometry. The input source was a previously modelled BEAMnrc (Rogers et al., 2011) phase-space 
file of the linear accelerator which had been extensively commissioned (Kairn et al., 2010a, Kairn et 
al., 2010b). The only change to the model for this work was to slightly tune the spot size of the 
electrons incident onto the target. This ensured that the Monte Carlo simulations matched the machine 
measurements for output factors down to 6 mm as measured with a PTW T30016 photon diode (PTW, 
Freiburg, Germany). This is a procedure required to ensure the accuracy of small field simulations 
(Cranmer-Sargison et al., 2011, Francescon et al., 2011). In the phantom material, the electron and 
photon cut off energies were chosen to be 521 keV and 10 keV respectively. Inside the volume of the 
simulated OSLD they were reduced to 512 keV and 1 keV respectively for increased accuracy within 
the detector volume only. 
 
The Monte Carlo simulations of the OSLDs were performed in two ways: firstly with only the Al2O3 
active volume (5 mm diameter, 0.2 mm thick) in water; secondly with the chip encased in the 0.05 
mm polyester binding foils, and the air that is within the OSLD holder (see Figure 1). The later 
geometry is identical to that simulated by Kerns et al (Kerns et al., 2011). In the beam direction, the 
size of the air gap was 0.49 mm both above and below the active volume. The plastic casing of the 
OSLD was not modelled (i.e. it was assumed to be water) as it was reported to be 0.036 cm thick and 
approximately water  equivalent  (Jursinic,  2007).  The  small  area  of  plastic  directly  to  the  sides 
(forming the “cup”) of the OSLD active area was also expected to have negligible effect. Comparing 
the results of the two geometries described above enabled the effect of the surrounding air encasing 
(or air gap) to be isolated. 
 
The Monte Carlo simulations of the OSLD setup were compared to the machine measurements with 
the OSLDs to verify the accuracy of the Monte Carlo model. They were also compared to Monte 
Carlo simulations of a phantom entirely assigned water (no detector) to quantify the accuracy of 
OSLDs for measuring small fields. 
 
2.2.2. The effect of different components of the air gap. The effect that the air gap had on dose was 
further isolated to different regions of the air encapsulation. Simulations were performed with three 
different versions of the geometry in Figure 1: using air in only one region of interest: to the sides of 
the active volume, upstream of the active area, and downstream of the active volume. For each of 
these simulations, the remainder of the geometry (except the active volume) was assigned water. 
 
2.2.3. Removal of volume averaging. Due to the large diameter of the OSLD active volume (5 mm) 
with respect to the smallest field simulated (6 mm x 6 mm), volume averaging may cloud any results 
found. Therefore, the Monte Carlo simulations were repeated with a hypothetical reduced diameter of 
1 mm. The results were compared to the 5 mm active volume results to determine if volume averaging 
significantly affected the results of this study. Note that both active volumes had the same thickness 
(0.2 mm). 
 
2.2.4. The effect of air gap size. The size of the air gap above the OSLD active area was varied in 0.2 
mm steps from 0.0 mm to 2.0 mm in order to quantify the magnitude of dose reduction for various 
small air gap sizes. This was performed for the field sizes mentioned above from 6 mm to 30 mm as 
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Figure 1. The Monte Carlo simulation geometry of the OSLD. The Al2O3 active area (grey) is encapsulated by an air gap 
(white) descriptive of the OSLD holder. The section view on the right hand side also has lines which define the three 
components of the surrounding air gap (upstream, sides and downstream). Note that the 0.05 mm polyester binding foils 
have been left out for clarity. Also note that the OSLD active volume is offset 1 mm in each dimension in the perpendicular 
to beam plane. 
 
well as the 98 mm field. The air gap to the sides and downstream of the active volume were removed 
for these simulations in order to isolate the effect of the upstream air gap. 
 
2.2.5 Angular and energy distributions of secondary electrons just beyond air gap. To examine the 
observed electronic disequilibrium caused by such a small air gap in detail, the angular distribution 
and energy distribution of the secondary electrons at the air – active volume interface were plotted. 
For this the OSLD was modelled in BEAMnrc with the upstream to the active volume air gap only. A 
phase-space file was collected in the plane immediately below the air gap (i.e. immediately above the 
active  area)  and  analysed  using  BEAMDP  (Ma  and  Rogers,  2009).  The angular  and  energy 
distributions at the same plane when no air gap was present were also simulated. This was performed 
for all field sizes mentioned above. 
 
2.2.6. Re-establishment of electronic equilibrium beyond air gap. The distance required to re-establish 
electronic equilibrium beyond the air gap for the 6 mm field size was established using the user code 
DOSXYZnrc (Walters et al., 2011). For these simulations, a 1 mm air gap above the active area was 
modelled, and the rest of the geometry was set to water (including the active volume). The percentage 
depth dose beyond the air gap was modelled in 0.1 mm steps (the voxels were 1 mm × 1 mm in the 
perpendicular to beam directions). These results were compared to the results from a simulation with 
no air gap (all water) in order to see the extent of electronic disequilibrium with distance beyond the 
air gap. 
 
3. Results 
 
3.1. Small field output factors measured with OSLDs 
 
The Monte Carlo simulated output factors matched the output factors measured on the linear 
accelerator within 2 standard deviations of uncertainty for all field sizes. Given the relatively large 
size of the active area (5 mm) compared to the smallest field size (6 mm), the potential for 
disagreement was high. Figure 2 shows the comparison between the Monte Carlo simulated output 
factors and the measured output factors. 
 
3.2. The effect of the air gap on OSLD results 
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A comparison between the simulation results with and without the air gap is shown in Figure 3. Also 
shown in Figure 3 are the Monte Carlo calculated output factors in water only (i.e. no detector 
present). 
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Figure 2. Comparison of OSLD measurements from a linear accelerator (black 
circles) to the complete Monte Carlo model of OSLD (white triangles) for small field 
output factors. The factors are normalized to the 98 mm square field. The error bars 
shown indicate one standard deviation of statistical error. 
 
 
1.1 
 
 
1.0 
 
 
0.9 
 
 
0.8 
 
 
0.7 
 
 
0.6 
 
 
0.5  
0 10 20 30 40 50 60 70 80 90 100 110 
 
Field size (mm) 
Figure 3. Monte Carlo simulated output factors of OSLDs both with the surrounding 
air gap (white triangles) and without the surrounding air gap (grey squares). Also 
shown are the output factors in a detector-less simulation (crosses). 
 
Table 1 summarizes the effect that the 0.5 mm air gap has on the dose to the active volume as function 
of field size. The air gap has negligible effect on “normal” field sizes (> 30 mm), a very slight effect 
on the 18 mm field size increasing to a large effect on the 6 mm field size (-7.8 %). Therefore air gaps 
will play an important role in stereotactic dosimetry – heavily dependent on the size of the small field. 
The Al2O3 active volume by itself has negligible perturbation of the photon beam down to a field size 
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of 30 mm. At the field size of 6 mm where the OSLD ‘active volume only’ simulation was 8.6 % 
lower than the water only simulation. The discrepancy at this field size is dominated by volume 
averaging as the detector (5 mm) is nearly as large as the field, where as the water only simulations 
were scored with a diameter of just 0.25 mm. 
 
Table 1. The dose reduction to the OSLD active volume caused by the air encapsulation as a function of field size. The error 
column refers to statistical  simulation uncertainty.                                                                                
 
   Field Size (mm)  Dose reduction (%)  Error (%)   
6 -7.8 0.3 
12 -3.6 0.3 
18 -1.0 0.3 
30 -0.7 0.4 
42 -0.8 0.4 
60 -0.7 0.4 
80 -0.1 0.4 
  98  -0.1  0.3   
 
3.3. The effect of different components of the air gap 
 
Shown in Table 2 is the dose reduction caused by different components of the air gap (see Figure 1 for 
a schematic of the different components) for the 6 mm field size. The air gap above (upstream to) the 
active area has the largest effect, as expected. 
 
3.4. Removal of volume averaging 
 
The comparison between the dose reduction to the active volume for the actual size of 5 mm, 
compared to a theoretical size of 1 mm is displayed in Table 2 for the 6 mm field size. There is an 
increased dose reduction due to air gap on sides of the active area from -0.1 % to -2.6 %. There are 
only small (1.2 %) changes to the dose reduction caused by the upstream and downstream air gaps. 
 
Table 2. The dose reduction to the OSLD active volume caused by different components of the surrounding air gap. 
Displayed are the results for the real OSLD with a 5 mm diameter Al2O3 active volume, and a hypothetical OSLD with a 1 
mm diameter Al2O3 active volume. The thickness of the active volume was 0.2 mm for both simulations, which corresponds 
to that of the real  OSLD.                                                                                                                                      
  Dose reduction (%)   
  Position of air gap  5 mm active area  1 mm active area   
All (full air gap) -7.8 -11.1 
Upstream only -5.3 -6.5 
Sides only -0.1 -2.6 
  Downstream only  -1.4  -2.6   
 
 
3.5. The effect of air gap size 
 
The effect of the air gap thickness in the beam direction is shown in Figure 4. It can be seen that the 
air gap has no effect on the 30 mm and 100 mm field sizes. There is a noticeable effect for the 12 mm 
field size and a large effect for the 6 mm field size. The dose reduction due to the air gap is linear with 
a regression of R
2 
= 0.995 for the 12 mm field size and R
2 
= 0.998 for the 6 mm field size. The dose 
reduction can be quantified as -3.9 % / mm and -11.5 % / mm for the 12 mm and 6 mm field sizes 
respectively. 
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Figure 4. Dose reduction caused by varying thickness of upstream air gap size. Dose 
reduction refers to dose loss relative to a simulation with no air gaps. The results for 
the following field sizes are shown: 6 mm (white triangles), 12 mm (black circles), 18 
mm  (black  diamonds),  30  mm  (white  circles)  and  98  mm  (crosses).  A  linear 
regression line of best fit is also shown for each data set. 
 
3.6. Angular and energy distributions of secondary electrons just beyond air gap 
 
The angular distributions at the proximal interface of the active area for 5 different field sizes: 6 mm, 
12 mm, 18 mm, 30 mm, and 100 mm are plotted in Figure 5. Results for each field size are plotted for 
both simulations with and without the surrounding air gap in the OSLD. It can be seen from Figure 5 
that all field sizes have effectively the same angular distribution when there is no air gap. The air gap 
has no affect on the angular distribution of the 30 mm and 100 mm field sizes but quite drastically 
reduces the number of electrons with a high angle of incidence in the 6 mm beam. This effect is 
magnified in terms of dose reduction by the fact that electrons with high angle of incidence have a 
lower energy (and therefore more easily stopped). This was confirmed by simulating the electron 
energy distribution both with and without the air gap for the 6 mm field size. These results are shown 
in Figure 6. 
 
Simulations of the dose and angular distribution in different regions of the OSLD active area revealed 
that both of these were uniform across the active area for a 30 mm field size and that the presence of 
the air gap had no effect on either. The angular distribution results are shown in Figure 7. However, 
for the 6 mm field size there were a much greater number of electrons with low angle of incidence in 
the centre compared to the outer region of the active area. Also, the air gap effectively removed 
electrons with high angle of incidence from both regions (see Figure 8). 
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Figure 5. The angular distribution of secondary electrons incident onto the proximal 
surface of the OSLD active volume. Distributions with and without the air gap are 
plotted. Each graph pair has been normalised to the ‘no air gap’ simulation at 22.5 
degrees (as this was generally the maximum). The following field sizes are shown: 6 
mm (triangles), 12 mm (circles), 18 mm (upside down triangles), and 30 mm 
(squares). The results without the air gap have filled markers, and those with the air 
gap have hollow (or white) markers. 
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Figure 6. The energy distribution (spectrum) of secondary electrons incident onto the 
OSLD active area. Distributions with the air gap (white circles) and without the air 
gap (black circles) for the 6 mm field size are plotted. 
 
3.7. Re-establishment of electronic equilibrium beyond air gap 
 
Figure 9 shows the dose reduction in water downstream of a 1 mm air gap. The figure displays the re- 
build up of electronic equilibrium in 0.1 mm steps for the 6 mm field size. The dose reduction caused 
by the air gap is 19 % in the first 0.1 mm of water. The dose difference between the 
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Figure 7. The angular distribution of secondary electrons incident on to different 
annular regions of the proximal surface of the OSLD active volume for a 30 mm field 
size. Distributions with the air gap (hollow or white markers) and without the air gap 
(filled markers) are plotted. For clarity only the inner most 5 mm (triangles) and outer 
most 5 mm (circles) regions are shown. 
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Figure 8. The angular distribution of secondary electrons incident on to different 
annular regions of the proximal surface of the OSLD active volume for a 6 mm field 
size. Distributions with the air gap (hollow or white markers) and without the air gap 
(filled markers) are plotted. For clarity only the inner most 5 mm (triangles) and outer 
most 5 mm (circles) regions are shown. 
 
air gap and no air gap simulations is reduced to 5 % after just 2 mm and to 2 % after 3 mm. There is 
full re-establishment of electronic equilibrium after 5 mm. 
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Figure 9. Dose reduction as a function of distance beyond a 1 mm air gap in a water 
phantom (no detector), for the 6 mm square field size. Dose reduction refers to dose 
loss relative to a simulation with no air gap. 
 
4. Discussion 
 
The simplified Monte Carlo model of the OSLD proposed by Kerns et al (Kerns et al., 2011) was 
proven to be an accurate representation for simulating output factors down to 6 mm. It was only 
necessary to model the Al2O3 active area and the surrounding air gap, and not any of casing material 
for this purpose. As expected, it was the proximal air gap that had the most pronounced effect on the 
dose to small fields, due to the loss of lateral electronic equilibrium. Lateral electronic disequilibrium 
is a well known phenomenon. Because most photon fields used in the clinic contain lateral scatter 
equilibrium, a small air gap in a phantom or patient will have no effect. There will be much fewer 
secondary   electrons created in the air gap above the detector, but equally other electrons created 
above the air gap will not be attenuated by the air gap and continue through to the detector. These two 
effects will cancel out and therefore the air gap has no effect. The secondary electrons created by the 
primary photon beams have a large angular spread (see Figure 5). Therefore for very small beams, a 
proportion of the electrons that traverse the air gap will miss the detector, thus reducing the dose to 
the detector. Figure 10 shows a schematic of this. In the example in Figure 10, 3 of the electrons reach 
the detector whilst 4 will miss due to the air gap. The reason that this does not affect larger beams is 
the very definition of lateral scatter equilibrium. As depicted in Figure 11, the electrons that miss the 
detector due to the air gap will be replaced by electrons that will now reach the detector that otherwise 
would not have if there was no air gap. In the example given in Figure 11, 7 electrons will reach the 
detector (the same amount as if the air gap was not present), however 4 of those have not come from 
directly above the centre of the detector. 
 
The Al2O3  active volume had minimal effect on the output factor, suggesting that if an OSLD was 
designed  with  a  smaller  diameter  and  no  surrounding  air  gap  then  it’s  accuracy  in  small  field 
dosimetry should be improved. The smaller diameter would reduce the effect of volume averaging. 
Removing the air gap would eliminate the issues detailed in this study, but may not be mechanically 
feasible as the active volume needs to be removed from the case by the reader in order to be read out. 
 
A linear relationship was found between the dose reduction due to the air gap and the size of the air 
gap. For example there was an 11.5 % / mm (r
2 
= 0.998) dose reduction for the 6 mm field size. This 
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Figure 10. A depiction of secondary electrons crossing an air gap (white box) and reaching a detector 
(checkered box), for a very small field. The green (solid) arrows represent electrons that reach the 
detector; the red (dashed) arrows represent those that miss due to the air gap. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. A depiction of secondary electrons crossing an air gap (white box) and reaching a detector 
(checkered box), for a field with lateral scatter equilibrium. The green (solid) arrows represent 
electrons that reach the detector; the red (dashed) arrows represent those that miss due to the air gap. 
The light grey lines represent electrons that would not reach the detector regardless of the air gap. 
 
can be used as a guide for estimating the dose reduction cause by a known air gap size without the 
need to measure various sizes. It must be stressed that the linear relation was only tested between 0 - 2 
mm (i.e. it exists for very small air gaps). It is very dependent on field size. Also, the size of the 
detector  volume  beyond  the  air  gap  is  very  important.  For  example  the  above  11.5  %  /  mm 
relationship pertained to 0.2 mm of Al203, however as demonstrated in Figure 9, when the detector 
immediately beyond a 1 mm air gap is 0.1 mm of water, then the dose reduction is 18.5 %. The heavy 
dependence on detector thickness and material is due to the rapid re-establishment of electronic 
equilibrium as shown in Figure 9. 
 
It has been proven in this study that for sub-centimetre field sizes, even air gaps < 1 mm in size can 
cause electronic disequilibrium. For example there is an 11.5 % dose reduction in a 6 mm square field 
size when there is a 1 mm air gap immediately upstream to the point of interest. The dose reduction is 
still > 5 % when the air gap is only 0.5 mm.  This can lead to large uncertainty in dosimetry 
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measurements if a small air gap exists immediate above a detector. The air gap in OSLDs is a known 
phenomenon so can potentially be accounted for by Monte Carlo simulations if the air gap size is 
reproducible; but when the air gap is not expected it can alter results considerably. This may occur in 
solid phantom dosimetry if a detector cavity is not perfectly flush with the solid material immediately 
above it, or if imperfect casting of the plastic has lead to air bubbles. 
 
The dose reduction depends on the density of the detector so it is expected that any air gaps above air 
based ion chambers would lead to larger dose reductions than shown in this study. As a simple 
solution,  it  is  recommended  that  all  stereotactic  dosimetry  be  performed  in  liquid  water  where 
possible, ensuring any waterproofing material used is perfectly flush with the active volume of the 
detector. It may also be difficult to detect sub-millimetre air gaps on CT scans if for example a course 
resolution (> 2 mm) was used to scan the patient. If the air gaps are not in the CT scan, not even the 
most complicated dose calculation algorithm will fully account for the dose reduction in a patient 
plan. This could lead to large under dosing to the patient tissue immediately beyond an air gap. 
 
5. Conclusions 
 
It has been shown in this study that very small air gaps have a significant effect on small field 
dosimetry.  Care  should  be  taken  to  eliminate  all  air  gaps  where  possible.  This  applies  to 
waterproofing any detector for use in water phantoms using a sleeve as well as to inserting detectors 
into solid phantoms. Where there is an intrinsic air gap, as is the case with the Landauer nanodot 
OSLDs, then this must be accounted for if they are to be used in small field measurements. The 
Monte  Carlo  model  of  the  Al2O3   active  volume  proposed  by  Kerns  et  al  (2011)  was  used  for 
simulating OSLDs down to a field size of 6 mm. Although the simulated output factors were within 2 
standard deviations of the measured factors, which is acceptable for this study, further work may be 
needed for high precision small field output factor simulations. This may include modelling the plastic 
casing and active volume “cup”. 
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Figure 02 (Figure2.EPS) 
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Figure 03 (Figure3.EPS) 
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Figure 04 (Figure4.EPS) 
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Figure 05 (Figure5.EPS) 
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Figure 06 (Figure6.EPS) 
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Figure 07 (Figure7.EPS) 
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Figure 08 (Figure8.EPS) 
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Figure 09 (Figure9.EPS) 
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